Soil acidity is one property associated with decline of most crop productivity. Alfisols and Ultisols are some of the acidic soils predominant in western Kenya. An experiment was conducted in both soils to find out the effect of farmyard manure (FYM) and inorganic fertilizers on maize yield on farmers' fields during wet and dry seasons of 2006. The experiment, laid out in a randomized complete block design (RCBD), had five replications in each soil type. The treatments were: farmer's practice, N (60 kg ha ). During wet season, all treatments in Alfisols gave nearly double grain yield compared to Ultisols. In both soils, during the same season, except for optimal fertilizer, FYM was not significantly (P≤0.05) different from other inorganic fertilizer treatments on plant population, height, cob number, stover, grain yield and 100-seed weight. FYM had a 108% and 103% grain yield advantage over farmer's treatment in Alfisols and Ultisols, respectively. During dry season, plant population, number of cobs and grain yield were higher in Ultisols compared to Alfisols. In each soil type, FYM plus 30 kg N ha -1 provided maize grain yield equivalent to that of N, NP and NPK treatments. FYM had a 4% grain yield advantage over optimal and NPK treatments on Ultisols during dry season. We conclude that larger amount of fertilizers or liming is needed on Ultisols to enhance their productivity to the level of Alfisols and that due to the fact that smallholder farmers are not likely to afford large amount of fertilizer and liming, use of FYM is their best bet for maize production on both Alfisols and Ultisols as there is no significant yield advantage from N, NP or NPK over FYM. Ultisols appear to be more responsive to FYM during dry season probably due to prevailing higher temperatures and relatively dry soil which enhances faster mineralization of organic matter to available plant nutrients. Addition of N fertilizer failed to increase yield in Ultisols, probably due to decline in soil pH and consequently inefficient utilization of applied resources.
INTRODUCTION
Biophysical and socioeconomic are among the principal factors affecting soil productivity potential in sub Sahara Africa. Factors like weathering, depletion of soil carbon, intensive and continuous cropping practices on Alfisols, Oxisols and Ultisols have resulted in rapid decline of nutrients in soil organic matter (Hossner and Juo, 1999; Juo, et al. 1995) . Such serious threats to agricultural productivity have been identified as major causes of decreased crop yields in all regions within sub Saharan Africa (Henao and Baanante, 2006) .
Nitrogen and phosphorus are the main limiting nutrients in food crop production in western Kenya (Shepherd et al., 1997) though potassium deficiencies are locally important. One of the ways of addressing the impact of soil mining is use of inorganic fertilizers, but use of these inputs among smallholder farmers is currently very low, and is not expected to increase significantly in the near future. High fertilizer costs, marketing problems and poor infrastructures are some of the major reasons for low use of fertilizer. Moreover, continuous use of mineral fertilizer can have detrimental effects on soil properties. On strongly weathered, poorly buffered soils of the tropics like Kaolinitic, Alfisols, Ultisols and Oxisols, using inorganic fertilizer as the main source of nutrients can lead to rapid decline in crop yields because of acidification and soil compaction. Application of ammonium based fertilizers such as Ammonium Sulphate, Ammonium Nitrate and to a limited extent Urea, aggravates soil acidity (Lungu and Dynoodt, 2008) .
High rates of lime and phosphatic fertilizers are required to improve crop yields on highly acidic soils. A large percent of agriculture in western Kenya, where acid soils predominate, is practiced by smallholder, resource-poor farmers who are not able to purchase large quantities of lime and/or fertilizers. Many studies have indicated that addition of organic residues to acid soils can reduce Al toxicity (hence lowering the lime requirement) and enhance P availability (Chukwuka and Olabode et al. 2007; Liasu et al. 2008; Nziguheba et al. 2002; Omotayo, 2009 ).
The use of resources available on farm is increasingly gaining importance among smallholder farmers. Such resources include crop residues, green manure, compost and farm yard manure. Retention of crop residues on land has potential to increase soil pH. However, crop residues are usually burned rather than ploughed-in because they interfere with land preparation. But still, the ash itself, being alkaline, has a neutralizing effect on the soil (Stroomgard, 1991) .
Among the organic sources, farmyard manure (FYM) is most important as it contains all the nutrients needed for crop growth including trace elements, albeit in small quantities. The efficiency of manure utilization by a crop is determined by the method of application, time to incorporation and the rate of decomposition in the soil. Characteristically, not all of the nutrients in manure are directly available after its incorporation in the soil. Organic forms of nutrients must first be mineralized into plant-available forms such as nitrate. The rate of mineralization is variable and depends on soil type, moisture, temperature, and manure composition. When cow dung and urine are mixed, a balanced nutrition is made available to the plants. Swift, et al. (1994) observed that in households where crop and livestock production are integrated, FYM can become a major nutrient source for food crops and reduce the need for fertilizers.
In view of un-affordability of fertilizer due to escalating prices, more smallholder farmers in sub Sahara Africa are anticipated to turn to the use of organic sources that are not only available but also affordable, rather than inorganic fertilizers for enhancing crop productivity. This study was conducted to establish the influence of farmyard manure on maize yield on Alfisols and Ultisols in western Kenya.
MATERIALS AND METHODS
The study site: The study site is presented on Fig. 2 . Farm sizes range from 0.3-1.0 ha with a mean of 0.5 per household. Many households have a few heads of zebu cows although graded dairy cows are also owned by some individuals. The area is characterized by low input low output farming. The average maize yield fluctuate around 1.0 to 1.5t ha
The climatic data of the study site is presented on table 1. The region has a bi-modal rainfall pattern: the long rainy season in March to June and the short season in September to November (Fig. 1) . The high amount of rainfall received annually and intensive cultivation causes rampant soil erosion and leaching, partly responsible for soil degradation. The daily temperatures and solar radiation for the region are very conducive for production of maize, and indeed, many other tropical crops. The soils are predominantly Alfisols and Ultisols. Alfisols are relatively high in native fertility as Ca, Mg and K have not been seriously leached. They are moderately acidic but are responsive to fertilizer application. Ultisols, on the other hand are strongly leached, acidic soils with low native fertility. Both soils are known to be severely deficient in N and P nutrients (Wikipedia, 2008) . Although there are pockets of fertile soil in the region, about 85% of the land is not fertile due to acidity. Characterization of soils in study site is presented on table 2.
Methodology:
The experiment was planted on ten farms during wet (long) and dry (short) seasons of 2006 on Alfisols and Ultisols soils in Kakamega, western Kenya. Six treatments were compared on their influence on maize yield (Table 3) . Experimental units measuring 19.5m 2 each were demarcated on each farm. Maize hybrid 614 was planted during the long (wet) season while hybrid513 was planted during the short (dry) season. The crop was planted at a spacing of 75 cm X 30 cm, two seeds per hole but later thinned to 1 seedling per hill. Wet season crop was planted early in March, 2006, while the dry season one was planted in mid September, 2006. Apart from farmer's practice, all other treatments were weeded twice by hand each season to effectively control the weeds. . 'Farmer's practice' treatment was detached from the rest of the plots as it was superimposed on the farmer's crop. At physiological maturity stage, all maize plants within the net plot in each treatment were counted to give plant population at harvest time. Ten plants, randomly sampled from each plot, were cut at the soil surface. Plant height was taken by measuring the length of each plant from the base of the stem to the tip of the longest tassel branch. Average height of 10 plants was taken as plant height of each treatment. At harvesting, all ears from each net plot were dehusked and the cobs counted. This gave the mean number of cobs per treatment. Field weight was obtained by weighing all ears from each net plot. Ten cobs were randomly sampled and shelled; moisture content of the grain was immediately taken and a sample of the grain packed, labeled and taken to the laboratory for drying. Drying was repeated for several days until moisture content of 13.5% was reached. Shelling percentage was obtained from the 10 shelled cobs by dividing fresh grain weight against fresh cob (including grain) weight. Field weight, moisture content and shelling percentage were used to calculate grain yield per treatment. Ten sample plants were randomly cut at the soil surface, cobs were removed then stover was chopped into small pieces, weighed and recorded. A sub-sample was taken, weighed and dried continuously in the laboratory until a constant weight was reached. Both sample and sub sample dry weight was used to calculate stover yield for each treatment.
Data was subjected to ANOVA using the GenStatDiscovery Edition 3, and LSD 0.05 tests separating statistical significant means.
RESULTS (i) Wet season
Plant population:Treatment was significant on maize population at harvest (P≤0.001). Apart from farmers' practice, which gave the lowest plant stand (22,151 plants ha -1 ) all other treatments were not statistically different (Table 4 ). In general, population was very low due to heavy rainfall accompanied by strong winds which lodged the plants mid-season (Table 4 ). Farmer's practice, which gave the lowest percent of potential population (45.3) was initially affected by wide row spacing and use of non-certified seed resulting in low germination. Soil type did not affect plant population; however farmer's practice gave the lowest populations in both soils (Table 5) .
Number of cobs:
Treatment had a significant (P≤0.001) effect on number of cobs (Table 4 ). Farmer's practice, Farmyard manure and N treatments gave the lowest cob numbers and were not significantly different. This was followed by NP and NPK treatments. Highest cob number was given by optimal fertilizer treatment. Soil type had no significant effect on number of cobs (Table 5 ).
Grain yield: Treatment was highly significant (P≤0.001) on maize grain yield (Table 4 ). Farmer's practice gave the lowest grain yield (2.8 t ha -1 ) followed by treatments farmyard manure, NP, NPK and N which were between them not significantly different. Highest grain yield was from optimal fertilizer treatment (Table 4) . Farmyard manure, NP, NPK and N gave grain yield advantage ranging from 3.2 to 3.7 t above farmer's practice compared to optimal fertilizer treatment which gave a 6.4 t yield advantage over farmer's practice.
Soil type was highly significant (P≤0.001) on maize grain yield (Table 5 ). In nearly all the cases, Alfisols' treatments doubled the grain yield of the corresponding Ultisols' treatments. Farmer's practice gave lowest yield in both soils: 3.7t ha -1 in Alfisols compared to 1.9t ha -1 in Ultisols. Similarly, in both the soils, NPK, N, NP and farmyard manure treatments gave second highest grain yield. Optimal fertilizer treatment gave highest yield in both soils. Application of farmyard manure in Alfisols had a 4.3 t yield advantage over farmer's practice compared to a 2.0t yield advantage in Ultisols. Similarly application of N had a 4.4t yield advantage over farmer's practice in Alfisols compared 2.2t in Ultisols.
100-seed weight:
Treatment had no significant effect on 100-seed weight (Table 4) but soil type had a highly significant effect seed weight (P≤0.01). Alfisols gave higher seed weight compared to Ultisols (Table  5 ). The lowest seed weight in Alfisols was treatment N while the lowest in Ultisols was NP treatment. Optimal fertilizer treatment gave the highest seed weight in both soils: 24.1 gm in Alfisols and 25.5 gm in Ultisols.
Stover yield: Treatment was highly significant (P≤0.01) on maize stover yield (Table 4 ). Farmer's practice gave 7.3 t ha , followed by a category of treatments comprising of farmyard manure, N, NP and NPK that were not significantly different between them. Optimal fertilizer treatment gave the highest stover yield of 27.6 t ha -1
. Similarly, soil type has a highly significant (P≤0.01) effect on stover yield (Table 5 ). In all the cases, Alfisols gave significantly higher stover yield compared to Ultisols. Farmer's practice gave the lowest yield in both soil types. In Alfisols, treatments comprising farmyard manure, N, NP and NPK, though not significantly different between them, gave significantly higher grain yield compared to farmer's practice. Optimal fertilizer treatment gave the highest stover yield of 30.8 t ha -1 . In Ultisols, the treatments comprising farmyard manure, N and NP though not significantly different among them, gave significantly higher stover yield compared to farmer's practice. This was followed by NPK (16.5 t ha -1 ) and optimal fertilizer (24.4 t ha -1 ). Application of NPK had a stover yield advantage of 13.4t ha -1 (Alfisols) and 10.5t ha -1 (Ultisols) over farmer's practice while farmyard manure had a yield advantage of 11.7t ha -1 (Alfisols) and 6.2t ha -1 (Ultisols).
Plant height: Treatment had a highly significant (P≤0.01) effect on maize plant height (Table 4) . Optimal fertilizer treatment gave the tallest plants (3.0 m) compared to farmer's practice (1.9 m). Apart from farmer's practice, all other treatments were not significantly different. Soil type had no significant effect on plant height. (ii) Dry season Plant population: Treatment had a significant (P≤0.002) on plant population at physiological maturity (Table 6 ). Farmyard manure treatments gave the highest population (41,763); treatments optimal fertilizer, N, NP and NPK were not significantly different. Soil type also had a significant (P≤0.003) effect on population. In both soils, farmyard manure gave the highest populations (Table  7) . In Alfisols, N, NP, NPK and optimal fertilizer treatments were not significantly different. In Ultisols, N gave the lowest population (31,111 per ha) followed by optimal fertilizer. In general, plant population was higher during the dry season compared to the wet season.
Cob yield: Treatment had significant effect on cob yield (Table 6 ). Treatments N, NP and optimal fertilizer gave the lowest cob yield and were not significantly different. Farmyard manure and NPK gave the highest number of cobs. Soil type exhibited no significant effect on cob yield (Table 7) . Similarly, treatment showed significant effect on cobs per plant (Table 6 ). However, only NPK gave a higher significantly different value (Table 6 ). Soil type showed no significant effect on cobs per plant.
Grain yield: During the dry season, treatment had no effect on grain yield (Table 6) . However, N gave the lowest yield followed by NP. The highest, though not significantly different was NPK (1.9 t ha -1 ). Soil type had a significant effect on grain yield (Table 7) . In all the cases, Ultisols gave higher yield compared to Alfisols. In Alfisols, only the treatment optimal fertilizer gave a significantly higher yield of 2.4t ha -1 . In Ultisols, farmyard manure gave the highest yield of 2.7 t ha -1 . N gave the lowest yield (1.8 t ha -1 ).
While, treatment had no significant effect on 100-seed weight (Table 6) , soil type exhibited very significant effect on seed weight (P≤ 0.002) ( Table 7) DISCUSSION:
Plant population is a direct influence of many factors including source of seed, condition of soil tilth at sowing, row spacing, and soil condition and type of fertilizer used at the time of planting. Many smallholder farmers, besides using recycled or nonimproved seed, don't prepare land to fine tilth, plant at very wide row spacings, all of which lead to low population. During growth stages, heavy winds can also lodge plants. In this study, during wet season, farmer practice gave significantly lower population compared to other treatments. During dry season, farmyard manure gave significantly higher population than the rest of treatments. Organic fertilizers have been reported to buffer soils and can increase water retaining ability leading to enhanced germination and vigorous plant growth (Spaccini et al. 2002) . Reduced population observed on fertilizer treatments could have been due to seed scorching by fertilizer at planting.
Number of cobs per plant has a direct effect on the final grain yield. Our findings indicate that farmyard manure is very effective in production of cobs particularly during dry season when the cobs were more compared to inorganic treatments. This could be due to adequate and balanced supply of plant nutrients. This confirms the findings of Tasneem Khaliq et al. (2004) and Shah and Arif (2000) .
During both seasons, FYM had about 100% cob yield advantage over farmer's treatment. Yield contribution from FYM was not different from N, NP and NPK. This indicates that FYM can provide adequate and balanced supply of nutrients just like inorganic fertilizers. Tasneem et al. (2004) and Tolessa and Friesen (2001) reported a similar observation. Alfisols gave comparatively higher cob yield during long rains than short rains.
Optimal application of fertilizer (N, 200; P, 60; K, 120; Mg, 20; B, ) gave highest cob, grain and stover yields during both seasons on Alfisols. However in the long run, soil will become more acidic. Lungu (2008) reported that continuous application of 120 kg N ha -1 after only for years not only made Alfisols more acidic, but also decreased the exchangeable bases (Ca and Mg) in the soil. In both soils, FYM plus 30kg of N ha -1 provided maize yield equivalent to that for N, NP and NPK treatments. This indicates that there would be a very significant saving to farmers if they used farmyard manure and side-dressed with 30 kg of N ha -1 . This finding is consistent with studies conducted by Abunyewa, et al. (2007) , Aggarwal et al. (1997) and Materechera and Morutse (2009 Grain yield is the end result of morphological and physiological processes occurring during growth and development of a crop. The increase in grain yield due to farmyard manure and optimal fertilizer treatments was mainly due to more number of cobs per plant and better grain development due to adequate nutrient supply. Use of farmyard manure and sometimes in combination with inorganic fertilizers gave maximum grain yields (Tasneem et al. 2004; Tamayo et al. 1997) .
Lower 100-seed weight was obtained from Ultisols. The higher weight observed in Alfisols was due to the comparatively balanced supply of nutrients throughout the grain filling and development period.
Plant height is among the most important biomass yield components of maize crop. Besides being a genetic trait, it is also a reflection of nutrient availability, management and favorable prevailing weather. Plant height was significantly different among treatments during the wet season. Farmer practice gave the shortest plants. This was probably due to differences in genetic traits of the varieties. Farmers either plant landrace varieties or recycled improved hybrids; recycled seeds could have lost the genetic potential for height. The fact that optimal fertilizer treatment gave the tallest plants is an indication that abundant nutrient supply is directly correlated to growth. Farmyard manure and inorganic fertilizers produced taller plants. Akinrinde et al (2004) , while working on Nigerian Alfisols reported similar result. Stover yield followed a similar trend like grain yield.
CONCLUSION:
The extra maize yield obtained from use of inorganic fertilizer over farmyard manure is not substantial enough to justify their use. Addition of nitrogen fertilizer failed to increase maize yields in Ultisols apparently due to the decline in soil pH and consequently inefficient utilization of added nutrients. For smallholder farmers, FYM will be a favourable source of nutrients as it is cost effective, locally available and also effective in reducing the exchangeable Al.
